The simulations were updated as wind tunnel data became available and control laws developed. The aircraft models used were delivered to the USAF from McAir in accordance with contractual requirements.
The Series V+ simulation evaluation exercised all Operational Flight Program (OFP) flight control system modes in air-to-air tracking, landing and takeoff tasks.
SIMULATION HARDWARE
The S/MTD simulation computer network is built around two SEL 3 2 / 1 1 s , a SEL 3 2 / 2 1 , and a SEL 3 2 / 9 7 .
These are 3 2 bit digital machines with high speed, real-time and scientific computing capability.
A generic block diagram of the simulation is shown in Figure 1 . The aerodynamic, flight control system, actuator models, landing gear model, Head Up Display (HUD) algorithms, and environment software were updated 40 times per second. The heads down display algorithms and propulsion model were updated 2 0 times per second.
I --1 The combined beam/dome movements result in ii five degree-of-freedom motion system which can generate angular velocities of up to 60 degrees per second, linear velocities of up to 13 feet per second, and instantaneous accelerations of up to 3 g's.
VISUAL DISPLAY SYSTEM
The visual scene generated for the landing evaluations is from an American Airlines/Redifon 1500:l scaled terrain board system.
The viewing area is continuous in heading and roll, but limited in pitch to t24 degrees to -47 degrees and is displayed in the LAMARS as a 60 degree diagonal field of view.
The runway area on the terrain board was modified with an overlay portraying bomb damage to establish five 50 x 1500 foot Minimum Operating Strips (MOS'S) .
CREW STATION
The LAMARS cockpit represents to the extent possible the forward crew station of the S/MTD aircraft ( Figure 2) . A F-16 LANTIRN Wide Field Of View (WFOV) HUD was used instead of the F-15E WFOV HUD.
Both HUD's have a 20 degree by 30 degree field of view.
Two 6 inch Multi-Purpose Displays (MPD' s ) provided heads down display information. The S/MTD center stick and rudder characteristics were modeled by a McFadden three axis feel System. Toe brakes with the standard F-15 force-feel characteristics and S/MTD throttle quadrant with a spring loaded thrust reversing region was also provided.
- data points. 125,000 points are used to model low speed jet effects and ground effects data. All the data was obtained through wind tunnel tests supported by the S/MTD program.
The flight envelope for the data consists of: 1) 0 to 50,000 feet altitude; 2) 0 to 2.5 Mach; 3) -4 degree to 90 degree angle-of-attack; and 4) -30 degree to 30 degree side slip.
FLIGHT CONTROL SYSTEM
The digital fly-by-wire IFPC system is the FORTRAN version of the Operational Flight Program (OFP) control laws. The control laws are designed to functionally integrate all control effectors which includes aerodynamics surfaces, engine thrust, thrust vectoring/reversing, nose wheel steering and braking.
The IFPC system has several modes to enhance flying qualities and reduce pilot workload.
The IFPC system allows in-flight selection of these modes.
The Conventional mode is the only mode which does not exercise the reversing/vectoring technologies provided by the 2-dimensional engine nozzles. This is a nozzle failure backup mode and designed for level 1 flying qualities. The Cruise mode is a flaps up thrust vectoring/reversing mode to provide optimal flight path control.
The Combat mode is a flaps up thrust vectoring/reversing mode to provide optimal attitude control for air-to-air tracking.
The STOL mode is a flaps down thrust vectoring/reversing mode to maximize performance for takeoff and normal approach.
It is designed for angle of attack control along with precision fuselage pointing for takeoff.
The SLAND mode is a flaps down mode which utilizes the thrust reversing vanes to maximize performance on final approach. The engine goes to military power and the main nozzle is closed. The aircraft speed is controlled by the thrust reversing vanes which allows for optimal speed control (no engine spool-up delay).
The aircraft speed is also held constant for a given throttle setting and the IFPC system decouples airspeed and pitch attitude.
The SLAND mode defaults to STOL mode by advancing the throttle past the military power detent.
The STOL ground handling mode provides minimum stopping distance and enhance ground handling capabilities due to thrust reversing capabilities. The mode is engaged from SLAND and STOL modes at weight-on-wheels and wheel spin-up and disengages to STOL mode by advancing the throttle past 35 degrees for aborted landings.
PROPULSION
The propulsion model is representative of the Pratt and Whitney F100-PW-220 with a 2-Dimensional (2-D) nozzle and nozzle controller.
The left and right engines are modeled separately to provide differential thrust, The 2-D nozzle is shown in Figure 3 and allows for thrust vectoring/reversing. The Conventional mode allows for augmented and nonaugmented operation optimized at all flight conditions. The aft-vectoring mode allows vectoring from -20 degrees to +20 degrees. The SLAND and reversing modes rotate upper and lower vanes -2 degrees (stored position) to 135 degrees (maximum reverse thrust position) to provide forward or reverse thrust.
CONVENTIONAL THRUST CONFIGURATION
. DRY POWER . AUOMENTED
VECTORING CONFIGURATION VANE CONFIGURATION
FIGURE 3: 2-Dimensional Nozzle
LANDING GEAR
The d i g i t a l S/MTD g e a r model r e p r e s e n t s t h e C l e v e l a n d Pneumatic C o r p o r a t i o n l a n d i n g g e a r . The l a n d i n g g e a r i s m o d i f i e d t o a l l o w f o r a 1 2 f p s s i n k r a t e a n d rough f i e l d o p e r a t i o n . The a n t i -s k i d , a u t o b r a k e , t o e b r a k e s a n d n o s e wheel s t e e r i n g a r e a l s o modeled.
ATMOSPHERIC DISTURBANCE MODELS
The l o w a l t i t u d e a t m o s p h e r i c d i s t u r b a n c e model i s d e f i n e d i n MIL-F-8785C, M i l i t a r y S p e c i f i c a t i o n F l y i n g Q u a l i t i e s o f P i l o t e d A i r p l a n e s .
S p e c i f i c components u s e d i n c l u d e s t e a d y s t a t e c r o s s w i n d , wind m a g n i t u d e s h e a r , wind v e c t o r s h e a r , and random t u r b u l e n c e .
HUD DISPLAY FORMAT
The g e a r down HUD f o r m a t i s shown i n F i g u r e 4 .
The n a v i g a t i o n s t e e r i n g mode s e l e c t e d i s Autonomous Landing ( A U T L ) . The HUD f o r m a t f e a t u r e s t h e f o l l o w i n g u n i q u e symbology.
The MOS i s a 5 0 x 1 5 0 0 f o o t r e p r e s e n t a t i o n of t h e l a n d i n g s t r i p .
The MOS i s drawn w i t h r e s p e c t t o t h e d e s i g n a t e d runway p o i n t and h e a d i n g .
The E-Bracket i s u s e d f o r s p e e d c o n t r o l .
The E-Bracket ( s i z e i s +1 t o -1 d e g r e e s ) i s drawn w i t h r e s p e c t t o t h e v e l o c i t y v e c t o r .
When t h e a i r c r a f t i s a t t h e r e f e r e n c e d Angle-Of-Attack ( A O A ) , t h e E-B r a c k e t ' s c e n t e r i s i n l i n e w i t h t h e v e l o c i t y v e c t o r ' s wing t i p .
I f t h e a i r c r a f t AOA i s above t h e r e f e r e n c e d AOA, t h e E-Bracket would b e below t h e v e l o c i t y v e c t o r .
T h e r e f o r e , t h e p i l o t would add power by moving t h e t h r o t t l e f o r w a r d ( a f l yfrom command).
The f l a r e c u e p r o v i d e s i n f o r m a t i o n t o f l a r e t h e a i r c r a f t on a -2 degree g l i d e s l o p e .
The f l a r e c u e a p p e a r s when t h e a i r c r a f t r a d a r a l t i t u d e i s less t h a n 2 0 0 f e e t .
The f l a r e c u e a l i g n s when t h e g l i d e s l o p e i s -2 d e g r e e s a n d i s below t h e v e l o c i t y when t h e g l i d e s l o p e i s less t h a n -2 d e g r e e s .
The AUTL s t e e r i n g c a r e t s a r e f l y -t o commands d r i v e n w i t h r e s p e c t t o t h e v e l o c i t y v e c t o r . The c a r e t s a r e d r i v e r , i n e l e v a t i o n t o o b t a i n t h e d e s i r e d -3 d e g r e e g l i d e p a t h a n d a r e d r i v e n i n a z i m u t h t o steer t h e a i r c r a f t t o t h e f i n a l a p p r o a c h g r o u n d t r a c k . The c a r e t s a l s o r o t a t e t o i n d i c a t e a d e s i r e d a i r c r a f t bank a n g l e t o get on r a d i a l .
The AUTL s t e e r i n g n e e d l e s c a n b e s e l e c t e d i n s t e a d o f t h e c a r e t s .
The n e e d l e s a r e f l y -t o commands a n d p r o v i d e t h e same i n f o r m a t i o n a s t h e c a r e t s b u t i n a d i f f e r e n t f o r m a t .
The e l e v a t i o n n e e d l e i s drawn h o r i z o n t a l l y a n d i s f i x e d i n a z i m u t h t o t h e t a i l of t h e v e l o c i t y v e c t o r . The e l e v a t i o n n e e d l e i s d r i v e n i n e l e v a t i o n w i t h r e s p e c t t o t h e v e l o c i t y v e c t o r t o p r o v i d e steer commands t o o b t a i n t h e -3 d e g r e e d e s i r e d g l i d e p a t h . The a z i m u t h n e e d l e i s drawn v e r t i c a l l y a n d i s f i x e d i n e l e v a t i o n t o t h e wing t i p s of t h e v e l o c i t y v e c t o r .
The a z i m u t h n e e d l e i s d r i v e n i n a z i m u t h t o p r o v i d e a steer command t o o b t a i n t h e d e s i r e d f i n a l a p p r o a c h g r o u n d t r a c k .
The e l e v a t i o n a n d a z i m u t h n e e d l e s a r e l i m i t e d t o t h e e n d of t h e o t h e r n e e d l e .
I n t h e c a g e d v e l o c i t y v e c t o r mode, a g h o s t v e l o c i t y v e c t o r a p p e a r s a n d d i s p l a y s t h e a i r c r a f t f l i g h t p a t h .
The s o l i d --' o c i t y v e c t o r i s c a g e d i n a z i m u t h t o t h e c e n t f L of t h e HUD a n d t h e e l e v a t i o n d r i v e i s n o t a l t e r e d .
The E-Bracket, AUTL s t e e r i n g c a r e t s / n e e d l e s , p i t c h l a d d e r a n d f l a r e cl;e a r e drawn w i t h r e s p e c t t o t h e s o l i d v e l o c i t y v e c t o r . T h i s a l l o w s f o r e a s y i n t e r p r e t a t i o n of t h e s e 
WARNING/CAUTION/ADVISORY SYSTEM
The m a s t e r c a u t i o n l i g h t and a u r a l w a r n i n g ( F i g u r e 5 ) n o t i f y t h e p i l o t t h a t a f a i l u r e o r c a u t i o n e x i s t .
The m a s t e r c a u t i o n l i g h t t u r n s o f f when t h e m a s t e r c a u t i o n s w i t c h i s d e p r e s s e d (or t h e f a u l t i s c o r r e c t e d .
The p i l o t c a n d e t e r m i n e t h e t y p e of f a i l u r e / c a u t i o n u s i n g t h e m a s t e r c a u t i o n l e g e n d .
The m a s t e r c a u t i o n l e g e n d s o v e r w r i t e t h e d i s p l a y s e l e c t e d on t h e r i g h t M P D .
Backup t-o t h e m a s t e r c a u t i o n l e g e n d s a r e t h e c a u t i o n / a d . J i s o r y p a n e l l i g h t s . The p i l o t c a n d e t e r m i n e IFPC f a i l u r e s o r m o n i t o r e f f e c t o r p o s i t i o n s by s e l e c t i n g t h e IFPC s t a t u s d i s p l a y ( F i g u r e 6 ) on e i t h e r M P D . 
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FIGURE 4 : HUD Format With Gear DowniAUTL S t e e r i n g when t h e r e c t a n g l e a d j a c e n t t o t h e component i s f i l l e d .
IFPC e f f e c t o r p o s i t i o n s a r e d i s p l a y e d w i t h "U", "D", "L" o r "R" appended t o t h e d e f l e c t i o n i n d e g r e e s . T h i s i n d i c a t e s s u r f a c e t r a i l i n g e d g e up, down,
l e f t o r r i g h t r e s p e c t i v e l y ( e x c e p t f o r c a n a r d s which i s w i t h r e s p e c t t o l e a d i n g e d g e ) .
The l e f t s t a b i l a t o r i n F i g u r e 6 i s d e f l e c t e d 30 d e g r e e s t r a i l i n g e d g e u p . touchdown p o i n t .
The p i l o t was i n s t r u c t e d n o t t o command a f l a r e b u t t o l e t t h e a i r c r a f t f l a r e n a t u r a l l y a s i t e n t e r e d g r o u n d e f f e c t . Then c r o s s w i n d l a n d i n g s began a t 1 5 -k n o t s , a f t e r which t h e y w e r e b u i l t up t o 30-knots by 5-knot i n c r e m e n t s . T h i s f a m i l i a r i z a t i o n p r o c e d u r e was r e p e a t e d on w e t / i c y runway.
D u r i n g t h e r o l l o u t t h e p i l o t s t r i e d t o k e e p t h e a i r c r a f t on t h e MOS a n d s t o p it b e f o r e it r e a c h e d t
Both wind a n d runway c o n d i t i o n s w e r e randomly e v a l u a t e d d u r i n g t h e f o r m a l t e s t p h a s e . The wind d i r e c t i o n c o u l d b e e i t h e r from t h e r i g h t o r from t h e l e f t .
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FIGURE 5: M a s t e r C a u t i o n And C a u t i o n Panel
The s c a l e l e n g t h s of t h e random t u r b u l e n c e w e r e t a k e n d i r e c t l y from P a r a g r a p h 3 . 7 . 3 . 4 of MIL-F-8785C.
T h i s p a r a g r a p h a l s o s p e c i f i e s t h a t t h e r m s of t h e w-gust component s h o u l d b e one t e n t h o f t h e wind s p e e d a t 20 f e e t above t h e g r o u n d .
S e p a r a t e e f f e c t s of c r o s s w i n d a n d t u r b u l e n c e w e r e e v a l u a t e d a l o n g w i t h l o w e r l e v e l s o f t u r b u l e n c e w i t h a g i v e n c r o s s w i n d . The r m s i n t e n s i t i e s o f t h e w-gust component u s e d i n t h e e v a l u a t i o n s w e r e 0 . 0 , 1 . 0 , 2 . 0 , 2 . 1 2 , 2.83, 3 . 5 4 , a n d 4 . 2 4 f t / s e c .
' Table 1 c o n t a i n s t h e c o m b i n a t i o n s of cr0sswir.d and t u r b u l e n c e u s e d . A t e a c h e n d of t h e MOS was a touchdown box c o n s i s t i n g of a w h i t e b l o c k f i g u r e -e i g h t 20 f e e t wide a n d 60 f e e t l o n g (see F i g u r e 7 ) . The touchdown a i m p o i n t was i n t h e c e n t e r of t h e m i d d l e c r o s s b a r .
The t a s k was t o slow t o 1 1 9 KCAS a n d f o i l o w t h e command s t e e r i n g g u i d a n c e on a 3
d e g g l i d e s l o p e down t o t h e F o r t h e p i l o t r a t i n g s , t h e l a n d i n g t a s k was d i v i d e d i n t o t h r e e s u b -t a s k s : a p p r o a c h , t r a n s i t i o n , and r o l l o u t .
The a p p r o a c h s u b -t a s k went from i n i t i a l i z a t i o n t o 2 0 0 f e e t AGL a n d t h e p i l o t ' s t a s k was t o f o l l o w t h e command s t e e r i n g g u i d a n c e down a 3 d e g g l i d e s l o p e . The t r a n s i t i o n s u b -t a s k went f r o m 200 f e e t AGL t o touchdown a n d t h e t a s k w a s t o l a n d a s c l o s e t o t h e d e s i g n a t e d a i m p o i n t a s p o s s i b l e .
The r o l l o u t s u b -t a s k began i m m e d i a t e l y a f t e r touchdown a n d went t o t h e e n d o f t h e s i m u l a t i o n r u n .
The t a s k was t o k e e p t h e a i r c r a f t w i t h i n t h e MOS b o u n d a r i e s .
The p i l o t s g a v e a Cooper-Harper (CH) r a t i n g f o r e a c h s u b -t a s k of t h e l a n d i n g b a s e d on a d e q u a t e a n d d e s i r e d p e r f o r m a n c e c r i t e r i a t h a t had b e e n d e t e r m i n e d d u r i n g t h e f a m i l i a r i z a t i o n p h a s e .
F o r t h e a p p r o a c h s u b -t a s k , a d e q u a t e p e r f o r m a n c e was d e f i n e d a s k e e p i n g t h e v e l o c i t y v e c t o r "boxed" by t h e command s t e e r i n g b a r s ( i . e . k e e p i n g t h e f l i g h t p a t h m a r k e r w i t h i n t h e l e n g t h of t h e s t e e r i n g b a r s t h o u g h n o t n e c e s s a r i l y on them) a n d t h e a i r s p e e d w i t h i n 10 k n o t s of 1 1 9 . D e s i r e d p e r f o r m a n c e was d e f i n e d t o b e k e e p i n g t h e v e l o c i t y v e c t o r w i t h i n h a l f t h e l e n g t h of t h e command s t e e r i n g b a r s a n d a i r s p e e d w i t h i n 3 k n o t s .
F o r t h e t r a n s i t i o n s u b -t a s k , a d e q u a t e p e r f o r m a n c e was t o l a n d on t h e MOS. D e s i r e d p e r f o r m a n c e was d e f i n e d t o b e l a n d i n g i n t h e touchdown b o x .
F o r t h e r o l l o u t s u b -t a s k , a d e q u a t e p e r f o r m a n c e was d e f i n e d t o b e s t a y i n g on t h e MOS. D e s i r e d p e r f o r m a n c e was t o steer down t h e c e n t e r l i n e w i t h i n h a l f t h e w i d t h of t h e MOS.
T h e r e was no c r i t e r i o n on r o l l o u t d i s t a n c e s i n c e t h e p i l o t s w e r e u s i n g a u t o b r a k i n g , b u t r o l l o u t d i s t a n c e s w e r e r e c o r d e d . ATMOSPHERE COMMENTS P i l o t o p i n i o n of t h e t u r b u l e n c e i n d i c a t e d t h a t it was f a i r l y r e p r e s e n t a t i v e of d i s t u r b a n c e s e n c o u n t e r e d i n a t m o s p h e r i c t u r b u l e n c e w i t h some q u a l i f i c a t i o n s . F i r s t , t h e p i l o t s f e l t t h a t t h e t u r b u l e n c e l e v e l s a s d e f i n e d by MIL-F-8785C w e r e t o o h i g h .
What MIL-F-8785C d e f i n e d a s m o d e r a t e t u r b u l e n c e ( u -g u s t r m s = 5 t o 1 0 f t / s e c ) f e l t more l i k e s e v e r e t u r b u l e n c e t o them.
They f e l t t h e m o d e r a t e t u r b u l e n c e s t a r t e d somewhere between 3 a n d 4 f t / s e c r m s .
The p i l o t s a l s o n o t e d t h a t t h e t u r b u l e n c e seemed t o b e m o s t l y p i t c h a n d s p e e d d i s t u r b a n c e .
T h e r e was r e l a t i v e l y l i t t l e l a t e r a l or r o t a t i o n a l d i s t u r b a n c e .
A
n o t h e r p r o b l e m w i t h t h e t u r b u l e n c e model was t h e f a c t t h a t t h e U-a n d v -g u s t i n t e n s i t i e s i n c r e a s e d a s t h e a i r c r a f t l o s t a l t i t u d e . The p i l o t s p a r t i c u l a r l y n o t i c e d t h e i n c r e a s e i n u -g u s t a n d f e l t t h a t t h i s e f f e c t was o p p o s i t e of what t h e y n o r m a l l y e n c o u n t e r e d .
One o t h e r comment was t h a t t h e t u r b u l e n c e f e l t s i n u s o i d a l , a l m o s t p r e d i c t a b l e . L a t e r a n a l y s i s of t i m e h i s t o r i e s showed t h a t t h e " w h i t e n o i s e " g e n e r a t o r of t h e computer was c y c l i n g a t p e r i o d s of 6 . 4 , 1 2 . 8 , o r 2 5 . 4 s e c o n d s .
So on a g i v e n r u n , a p i l o t would see t h e same s e q u e n c e of " w h i t e n o i s e "
o v e r a n d o v e r a g a i n . S i n c e t h e t u r b u l e n c e power s p e c t r a l d e n s i t i e s w e r e c h a n g i n g a s s p e e d a n d a l t i t u d e changed he would n o t see e x a c t l y t h e same t u r b u l e n c e o v e r and o v e r d u r i n g t h e r u n , b u t it would c e r t a i n l y s e e m c y c l i c a l .
The random number s e q u e n c e and p e r i o d was d i f f e r e n t from r u n t o r u n . D e s p i t e t h e s e comments, t h e p i l o t s f e l t t h a t t h e d i s t u r b a n c e s g e n e r a t e d by t h e t u r b u l e n c e model were t u r b u l e n c e -l i k e i n n a t u r e a n d added realism t o t h e l a n d i n g t a s k .
APPROACH SUB-TASK
The most i m p o r t a n t f a c t o r a f f e c t i n g a p p r o a c h T u r b u l e n c e p e r f o r m a n c e was t h e t u r b u l e n c e . i n c r e a s e d t h e workload i n b o t h t r a c k i n g and s p e e d c o n t r o l , e v e n t u a l l y a f f e c t i n g p e r f o r m a n c e . C r o s s w i n d s h a d a m i n o r a f f e c t on t r a c k i n g w o r k l o a d . F i g u r e 8 shows t h e Cooper-Harper r a t i n g s f o r t h e a p p r o a c h t a s k a s a f u n c t i o n of t u r b u l e n c e . P e r f o r m a n c e was j u d g e d on a b i l i t y t o t r a c k t h e s t e e r i n g c u e s . 
W-Gust rms (ftlsec)
FIGURE 8: Approach Task CH R a t i n g s With no t u r b u l e n c e t h e p i l o t s c o n s i s t e n t l y a c h i e v e d d e s i r e d p e r f o r m a n c e .
F o r t h e s e c a s e s , t h e r e was no a p p r e c i a b l e d i f f e r e n c e i n p e r f o r m a n c e w i t h c r o s s w i n d s .
P i l o t comments i n d i c a t e t h a t t h e t a s k was e a s y , t h e r e were no d e f i c i e n c i e s i n a i r c r a f t h a n d l i n g , a n d p i l o t c o m p e n s a t i o n was n o t a f a c t o r .
The p i l o t s w e r e a b l e t o k e e p c o u r s e a n d g l i d e p a t h s t e e r i n g w e l l w i t h i n d e s i r e d c r i t e r i a . The p i l o t s f e l t t h a t t h e s p e e d h o l d was a n e x c e l l e n t f e a t u r e t h a t d r a m a t i c a l l y r e d u c e d workload.
Once t h e s p e e d was set t h e p i l o t c o u l d c o n c e n t r a t e e n t i r e l y on c o u r s e a n d g l i d e p a t h c o n t r o l .
The o n l y n e g a t i v e comments w e r e f o r g e t t i n g on s p e e d i n i t i a l l y .
The p i l o t s d i d n o t l i k e u s i n g t h e E -b r a c k e t t o set s p e e d .
They f e l t it was t o o s e n s i t i v e a n d t e n d e d t o i n d u c e a s p e e d P i l o t I n d u c e d O s c i l l a t i o n ( P I O ) .
They
But, w i t h no t u r b u l e n c e , t h i s was a minor d e f i c i e n c y , a n d t h e p i l o t s f e l t it w a s a Cooper-Harper r a t i n g s were a l l L e v e l 1 ( 2 ' s a n d 3 ' s ) f o r b o t h t h e n o -c r o s s w i n d a n d c r o s s w i n d c a s e s ( a l l l e v e l s ) w i t h o u t t u r b u l e n c e (see F i g u r e 8 ) .
I n t h e l o w e s t t u r b u l e n c e , t h e a p p r o a c h subt a s k was s t i l l e a s y , w i t h no s e r i o u s d e f i c i e n c i e s , r e g a r d l e s s of c r o s s w i n d .
D e s i r e d p e r f o r m a n c e was a l m o s t a l w a y s a c h i e v e d a n d t h e r a t i n g s w e r e m o s t l y L e v e l 1. The p i l o t s d e s c r i b e d t h i s l e v e l Of t u r b u l e n c e as a n a n n o y a n c e .
I t i n c r e a s e d t h e workload s l i g h t l y , b u t t h e p i l o t c o m p e n s a t i o n was b a s i c a l l y j u s t a m a t t e r of a v e r a g i n g o u t t h e e f f e c t of t h e t u r b u l e n c e on t h e s t e e r i n g c u e s .
I n t h e medium t u r b u l e n c e s e t t i n g s (w-gust r m s = 2 t o 2 . 8 3 f t / s e c ) , t h e m a j o r d e f i c i e n c y was h i g h e r workload d u e t o speed a n d p i t c h c h a n g e s c a u s e d b y t h e t u r b u l e n c e .
The p i l o t s s t i l l a c h i e v e d d e s i r e d p e r f o r m a n c e q u i t e f r e q u e n t l y , t h o u g h a d e q u a t e p e r f o r m a n c e was more common.
The p i l o t s a s s i g n e d
L e v e l 1 a n d L e v e l 2 r a t i n g s .
The
I t was n o t a t h r e a t e n i n g o s c i l l a t i o n , b u t t h e p i l o t s n o t i c e d i t a n d f o u n d it a n n o y i n g .
A t w-gust rms = 2 .
S t i l l t h e p i l o t s u s u a l l y a c h i e v e d a d e q u a t e p e r f o r m a n c e , a n d c o n t r o l l a b i l i t y was n e v e r i n q u e s t i o n .
The p i l o t s u s u a l l y r a t e d t h e s e c a s e s L e v e l 2 which i s c o n s i s t e n t w i t h MIL-F-8785C.
Crosswinds i n c r e a s e d t h e p i l o t s ' w o r k l o a d b e c a u s e o f t h e n e e d t o p e r c e i v e a n d c a n c e l d r i f t r a t e s c a u s e d by t h e w i n d . The p i l o t s n o t e d t h e i n c r e a s e d workload i n t h e i r comments b u t it d i d n o t seem t o a f f e c t t h e i r p e r f o r m a n c e , and was n o t s e r i o u s enough t o a f f e c t t h e i r r a t i n g s a s much a s t h e t u r b u l e n c e . TRANSITION SUB-TASK
The p r i m a r y p r o b l e m i n t h e t r a n s i t i o n t a s k was a s i m u l a t o r problem, n o t a n a i r c r a f t r e s p o n s e p r o b l e m .
L i k e many g r o u n d -b a s e d s i m u l a t o r s , t h e LAMARS v i s u a l s c e n e s u f f e r s from " t u n n e l v i s i o n " a n d l a c k o f d e p t h p e r c e p t i o n .
In a d d i t i o n t o t h e s e problems t h e v i s u a l s y s t e m h a s p o o r r e s o l u t i o n . The p i l o t s h a d t r o u b l e i d e n t i f y i n g t h e MOS from t h e i r i n i t i a l p o s i t i o n , and t h e y c o u l d n o t see t h e a i m p o i n t u n t i l t h e y were a b o u t 50 f e e t AGL. S i n c e t r a n s i t i o n t o touchdown i s a v e r y v i s i o n -o r i e n t e d t a s k , t h e l i m i t a t i o n s of t h e LAMARS v i s u a l s c e n e s e v e r e l y d e g r a d e d t h e p i l o t s a b i l i t y t o do t h e t a s k . I n f a c t , one of t h e p i l o t s d e c i d e d t h a t t h e v i s u a l problems w e r e s o i n t r u s i v e t h a t he c o u l d n o t a c c u r a t e l y r a t e t h e t a s k . To r e d u c e t h e i m p a c t of t h i s p r o b l e m on t h e t a s k r a t i n g s t h e p i l o t s w e r e i n s t r u c t e d t o b a s e t h e i r r a t i n g s on t h e i r own p e r c e p t i o n s o f t h e i r p e r f o r m a n c e . Because of t h e p o o r r e s o l u t i o n , l a c k of p e r i p h e r a l c u e s , a n d l a c k o f d e p t h p e r c e p t i o n , t h e p i l o t s f o u n d i t v e r y d i f f i c u l t t o a c c u r a t e l y j u d g e
where t h e y a c t u a l l y t o u c h e d down l o n g i t u d i n a l l y . C o n s e q u e n t l y , t h e i r r e a l -t i m e a s s e s s m e n t of t h e i r p e r f o r m a n c e t e n d e d t o b e more o p t i m i s t i c t h a n t h e p o s t -r u n a n a l y s e s , t h o u g h t h e g e n e r a l t r e n d s w e r e t h e same.
S t i l l , t h e t r a n s i t i o n r e s u l t s a r e c o n s i d e r a b l y c l o u d e d by t h e d e g r a d e d v i s u a l e n v i r o n m e n t .
While t h e v i s u a l c u e s were t h e p r i m a r y p r o b l e m i n t h e t r a n s i t i o n t a s k , c r o s s w i n d s and t u r b u l e n c e d i d h a v e a n a f f e c t on t a s k p e r f o r m a n c e a n d p i l o t r a t i n g s .
T h e i r e f f e c t s were f e l t i n h i g h e r workload a n d i n c r e a s e d e r r o r from t h e touchdown a i m p o i n t .
L o n g i t u d i n a l error was a f f e c t e d b y t h e d e g r a d e d v i s u a l c u e s , t u r b u l e n c e , a n d c r o s s w i n d s , i n t h a t o r d e r of i m p o r t a n c e .
L a t e r a l e r r o r was a f f e c t e d p r i m a r i l y b y t h e c r o s s w i n d s .
F i g u r e 9 shows t h e Cooper-Harper r a t i n g s a s s i g n e d a s a f u n c t i o n of t u r b u l e n c e . P e r f o r m a n c e w a s j u d g e d p r i m a r i l y on c o n t r o l o f touchdown a c c u r a c y a n d a t t i t u d e .
With no c r o s s w i n d a n d no t u r b u l e n c e , t h e p i l o t s f e l t t h e y were a b l e t o c o n s i s t e n t l y a c h i e v e d e s i r e d p e r f o r m a n c e .
They r e p o r t e d one m i n o r d e f i c i e n c y . When t h e a i r c r a f t e n t e r e d g r o u n d e f f e c t t h e r e was a s l i g h t t e n d e n c y t o f l o a t . The p i l o t s f e l t t h a t t h e y had t o p u s h t h r o u g h g r o u n d e f f e c t .
P i l o t r a t i n g s w e r e b o r d e r l i n e L e v e l 1 / L e v e l 2, r a n g i n g from Cooper-Harper 2 t o 4 . 
W-Gust rms (ftlsec)
FIGURE 9 : T r a n s i t i o n Task CH R a t i n g s
With t h e i n t r o d u c t i o n o f c r o s s w i n d s , t h e p i l o t s d i s c o v e r e d a n o t h e r p r o b l e m w i t h t h e v i s u a l s c e n e . I n c r o s s w i n d s t h e HUD-drawn MOS dyd n o t l i n e up p r e c i s e l y w i t h t h e v i s u a l runway. I t was n o t s o much a d i f f e r e n c e i n d i s p l a c e m e n t a s a d i f f e r e n c e i n h e a d i n g . T h i s d i s c r e p a n c y between HUD MOS a n d v i s u a l MOS was worse w i t h i n c r e a s i n g c r o s s w i n d , a n d was a l s o u s u a l l y worse w i t h a c r o s s w i n d from t h e r i g h t . T h i s p r o b l e m w a s a r e s u l t of f r e e -p l a y a n d h y s t e r e s i s i n t h e h a r d w a r e d r i v i n g t h e t e r r a i n b o a r d c a m e r a . A c t u a l l y , i t i s p r o b a b l y r e a l i s t i c t o e x p e c t t h a t i n t h e r e a l a i r c r a f t t h e HUD MOS a n d t h e a c t u a l MOS w i l l n o t l i n e up p r e c i s e l y , b u t i n t h e r e a l a i r c r a f t , t h e p i l o t s would h a v e a much c l e a r e r view o f t h e a c t u a l MOS i n t h e VFR c o n d i t i o n s s i m u l a t e d . I n t h i s s i m u l a t i o n , where t h e v i s u a l c u e s were d e g r a d e d , t h e p i l o t s depended more on t h e HUD MOS
t h a n t h e y o r d i n a r i l y would have, a n d d i s c r e p a n c i e s between t h i s and t h e v i s u a l MOS made t h e t r a n s i t i o n t a s k more d i f f i c u l t .
With w-gust r m s = 2 f t / s e c o r l o w e r , t h e p i l o t s f e l t t h e y c o u l d c o n s i s t e n t l y a c h i e v e d e s i r e d p e r f o r m a n c e .
The t u r b u l e n c e i n c r e a s e d workload p r i m a r i l y i n c o n t r o l o f p i t c h a t t i t u d e .
Cooper-H a r p e r r a t i n g s w e r e b o r d e r l i n e Level l / L e v e l 2, r a n g i n g from 2 t o 4 , w i t h a g e n e r a l t r e n d
t o w a r d h i g h e r r a t i n g s w i t h h i g h e r c r o s s w i n d s .
Between w-gust rms = 2.12 and 2.83 ft/sec, the pilots felt they could consistently achieve adequate performance and sometimes desired performance. Cooper-Harper ratings ranged from 3 to 5, mostly Level 2.
With crosswinds below 20 knots, ratings were borderline Level l/Level 2. With crosswinds above 20 knots, ratings were mainly Level 2.
At w-gust rms = 3.54 ft/sec, the pilots felt that they usually achieved adequate performance. Cooper-Harper ratings ranged from 4 to 7, almost all Level 2.
They only flew in 25 and 30 knot crosswinds with this turbulence level and there was no significant difference in ratings between these crosswinds.
At w-gust rms = 4.24 ft/sec, the pilots frequently could not achieve adequate performance and there was the first hint of controllability problems.
Cooper-Harper ratings were borderline Level 2/Level 3, ranging from 6 to 8. This turbulence level was only used with 30 knot crosswinds.
Post-run analysis showed similar trends, though somewhat lower frequency of desired and adequate performance than the pilots perceived. Analysis showed a definite trend for larger longitudinal error with increasing turbulence.
Turbulence did not seem to significantly impact lateral miss distance.
Crosswinds caused increased workload in course control in three ways. First, because of the need to recognize and cancel drift rates due to the crosswinds.
Second, because of the mismatch between the HUD MOS and the visual MOS. Third, at the 25 and 30 knot crosswinds the HUD velocity vector would frequently limit against the edge of the HUD, making the steering cues invalid. The pilots were forced to "cage" the velocity vector in order to get good steering guidance. This constrained the velocity vector to the center of the HUD and displiyed a "ghost" velocity vector depicting the aircraft's actual flight path. The problem with "caging" the velocity vector was that the pilot could no longer watch the steering commands and the actual runway simultaneously, but had to crosscheck from the center of the HUD to the edge of the HUD. Though there was a general trend tcward increased lateral miss distance with increasing crosswind, lateral miss distance was usually within desired criteria.
Consequently, though the pilots did mention crosswind as a factor affecting workload, turbulence was a more significant factor.
ROLLOUT SUB-TASK Figure 10 shows the Cooper-Harper ratings assigned for different crosswinds on dry runways. Figure 11 shows the Cooper-Harper ratings assigned fcr different crosswinds on icy runways. CooperHarper ratings were determined entirely on control of attitude and heading during the rollout, and not stopping distance. Since braking was accomplished by the autobrakes and thrust reversing, both of which were set by the pilcts and then usually left alone, stopping distance was not a suitable factor for assigning i. Cooper-Har~er rating.
However, rollout distances were recorded as part of the overall evaiuation. With no crosswind, the rollout was no problem, with the runway icy or dry.
The pilots achieved desired performance most of the time and no deficiencies were noted. The pilots rated it solid Level 1, all Cooper-Harper 2's. Stopping distance did depend on runway condition. On the dry runway the average stopping distance was 1270 feet., well within the required stopping distance of 1500 feet. On the icy runway, however, average stopping distance was 1915 feet, over the 1500 foot limit.
With crosswinds the pilots encountered Some handling qualities problems.
The nature of the difficulties depended on the runway condition.
On a dry runway there were three prsblems. First was a strong roll transient right at touchdown. This roll was apparently caused by the reaction of whichever gear struck the runway first. Since a crosswind approach is usually made with the upwind wing low, it was typically the upwind gear that hit first and thus the roll was almost always away from the wind.
This made the roll tendency even worse since the crosswind then increased the rolling tendency.
The higher the crosswind the greater the rolling tendency. The second problem was a t e n d e n c y f o r t h e a i r c r a f t t o r u n i n t h e d i r e c t i o n t h e n o s e was p o i n t i n g a t touchdown i n s t e a d of s k i d d i n g i n t h e d i r e c t i o n of t h e f l i g h t p a t h and t h e n o s e coming a r o u n d .
The t h i r d p r o b l e m was a t e n d e n c y f o r t h e a i r c r a f t t o r o l l o v e r when t h e p i l o t a b r u p t l y a p p l i e d a n upwind f u l l s t e e r i n g command a t a t i m e when t h e upwind main g e a r was u n s t r o k e d a t low s p e e d s ( b e l o w 50 k n o t s ) . The p i l o t s f o u n d t h e s e p r o b l e m s t o b e e x t r e m e l y u n u s u a l a n d f e l t t h a t t h e y w e r e p r o b a b l y n o t r e a l i s t i c .
M c A i r s u s p e c t s t h a t i n t h i s r e g i o n t h e v a l i d i t y of t h e t i r e f r i c t i o n c o e f f i c i e n t s a t l a r g e s k i d a n g l e s i s q u e s t i o n a b l e , a n d F-15 e x p e r i e n c e i n d i c a t e s t h a t , a t worse, a s k i d s h o u l d have d e v e l o p e d .
With a 15 k n o t c r o s s w i n d , t h e touchdown t r a n s i e n t a n d t h e i n i t i a l d i r e c t i o n c h a n g e were n o t d i f f i c u l t t o c o n t r o l . The p i l o t s u s u a l l y w e r e a b l e t o c o u n t e r t h e d i r e c t i o n c h a n g e a t touchdown and k e e p t h e a i r p l a n e w i t h i n d e s i r e d c r i t e r i a ( w i t h i n 1 2 . 5 f e e t of c e n t e r l i n e ) . The t a s k was r a t e d a Cooper-Harper 3 . With t h e 20 a n d 25 k n o t c r o s s w i n d s , t h e p i l o t s had more d i f f i c u l t y c o n t r o l l i n g t h e i n i t i a l t r a n s i e n t s .
The i n i t i a l d i r e c t i o n change sometimes c a r r i e d them o u t s i d e of t h e d e s i r e d c r i t e r i a b e f o r e t h e y c o u l d c o u n t e r i t . The h i g h e r t h e wind,
t h e more f r e q u e n t l y t h e y f a i l e d t o c o n t a i n t h e d i r e c t i o n c h a n g e w i t h i n d e s i r e d c r i t e r i a .
However, once d e s i r e d c r i t e r i a was a c h i e v e d i t was e a s i l y m a i n t a i n e d .
P i l o t s r a t e d t h e s e c a s e s b o r d e r l i n e L e v e l l / L e v e l 2 . R a t i n g s f o r t h e 20 k n o t c r o s s w i n d c a s e s r a n g e d from 3 t o 5, m o s t l y L e v e l 2 . R a t i n g s f o r t h e 25 k n o t c a s e r a n g e d from 3 t o 6, m o s t l y L e v e l 2 . With a 3 0 k n o t c r o s s w i n d t h e p i l o t s w e r e r a r e l y a b l e t o c o n t a i n t h e i n i t i a l t r a n s i e n t t o d e s i r e d c r i t e r i a . However, o n c e d e s i r e d ' c r i t e r i a was a c h i e v e d i t was e a s i l y m a i n t a i n e d .
Cooper-Harper r a t i n g s were s o l i d L e v e l 2, r a n g i n g f r o m 4 t o 6 .
I n a l l c a s e s , t h e L e v e l 2 r a t i n g s w e r e due e n t i r e l y t o d i f f i c u l t i e s k e e p i n g t h e i n i t i a l t r a n s i e n t w i t h i n d e s i r e d c r i t e r i a .
Once r e c o v e r e d from t h e i n i t i a l t r a n s i e n t , c o n t r o l of h e a d i n g was no p r o b l e m . R o l l o u t d i s t a n c e was w e l l w i t h i n t h e r e q u i r e d 1500 f e e t i n a l l c a s e s .
On i c y runways, t h e r e d u c e d runway f r i c t i o n a l l o w e d t h e a i r c r a f t t o s k i d i n t h e d i r e c t i o n o f t h e f l i g h t p a t h and a l s o seemed t o r e d u c e t h e m a g n i t u d e of t h e g e a r r e a c t i o n s o t h e i n i t i a l touchdown t r a n s i e n t s w e r e n o t a p r o b l e m .
However, a b i g g e r problem was a t e n d e n c y t o get i n t o a s l i d e
downwind t h a t c o u l d n o t b e s t o p p e d b e f o r e t h e a i r c r a f t s l i d o f f t h e MOS.
T h r u s t r e v e r s i n g on t h e runway g a v e t h e a i r c r a f t a t e c d e n c y t o yaw away f r o m t h e r e l a t i v e wind d u r i n g t h e r o l l o u t .
The p i l o t would p u t i n r u d d e r t o c o r r e c t t h i s and t h e n o s e would come a r o u n d , b u t t h e a i r c r a f t would c o n t i n u e t o s l i d e downwind. The s l i d e c o u l d n o t b e s t o p p e d u n t i l t h e v e l o c i t y g o t slow enough t o g e t e f f e c t i v e
n o s e wheel s t e e r i n g , b u t by t h e n t h e a i r c r a f t u s u a l l y had s l i d o f f t h e M O S .
The p i l o t s d i s c o v e r e d a t e c h i q u e t o c o u n t e r t h i s s l i d e . When t h e a i r c r a f t s t a r t e d t o yaw, t h e p i l o t would g e t o u t of t h r u s t r e v e r s e r , t h e a i r c r a f t would t h e n w e a t h e r v a n e n o r m a l l y back i n t o t h e r e l a t i v e wind, and t h e p i l o t would t h e n go back i n t o t h r u s t r e v e r s e r .
The p i l o t m i g h t h a v e t o go i n and o u t of r e v e r s e r a few t i m e s d u r i n g t h e r o l l o u t u n t i l t h e n o s e wheel s t e e r i n g became e f f e c t i v e . T h i s t e c h n i q u e a l l o w e d t h e p i l o t t o t r a c k t h e MOS c e n t e r l i n e a t t h e e x p e n s e o f i n c r e a s e d r o l l o u t d i s t a n c e . With a 15 k n o t c r o s s w i n d , t h e yawing a n d s l i d i n g t e n d e n c y c o u l d b e c o n t r o l l e d w e l l enough w i t h d i r e c t s i d e f o r c e c o n t r o l t h a t t h e p i l o t s d i d n ' t n e e d t o come o u t o f r e v e r s e r t o k e e p t h e a i r p l a n e w i t h i n d e s i r e d c r i t e r i a .
The r a t i n g s f o r t h e s e c a s e s w e r e L e v e l 1, Cooper-Harper 2 ' s a n d
' s .
I When t h e p i l o t s u s e d t h e t e c h n i q u e of coming o u t o f r e v e r s e r , r o l l o u t t a s k r a t i n g s w e r e b o r d e r l i n e L e v e l l / L e v e l 2 , 3's a n d 4's, m o s t l y 4 ' s .
When t h e y d i d n o t come o u t o f r e v e r s e r p i l o t ' r a t i n g s w e r e L e v e l 2, 5 ' s a n d 6 I s .
With a 30 k n o t c r o s s w i n d , t h e y had t o come o u t o f r e v e r s e r t o s t a y on t h e MOS. P i l o t r a t i n g s w e r e L e v e l 2, 6 ' s a n d 7 ' s . The f a i l u r e / c o n t r o l mode m a t r i x was e v a l u a t e d randomly d u r i n g t h e normal f i n a l a p p r o a c h l a n d i n g e v a l u a t i o n s .
When a f a i l u r e was d e t e c t e d , t h e p i l o t h a d a c h o i c e t o e i t h e r a b o r t f o r a goa r o u n d o r c o n t i n u e h i s a p p r o a c h and l a n d i n g t o t h e d r y 5 0 x 1500 f o o t MOS.
The h a r d o v e r s t a b i l a t o r f a i l u r e was t h e most s e r i o u s f a i l u r e e v a l u a t e d .
T h r e e p i l o t s e v a l u a t e d t h i s f a i l u r e w i t h a l o s s of c o n t r o l 50% of t h e t i m e .
However, t h i s f a i l u r e i n t h e b a s e l i n e F-15 c a u s e s l o s s of c o n t r o l a l m o s t 1 0 0 % o f t h e t i m e .
When t h e S/MTD a i r c r a f t was c o n t r o l l a b l e , p i l o t comments i n d i c a t e d l e v e l 3 h a n d l i n g q u a l i t i e s d u e t o l a r g e r i g h t o r l e f t r o l l f o r c e s d e p e n d i n g on which s t a b i l a t o r was h a r d o v e r . To m a i n t a i n ( c o n t r o l of t h e a i r c r a f t , a n a i r s p e e d below a p p r o x i m a t e l y 1 6 0 k n o t s was r e q u i r e d . The l o s s of a i r c r a f t o c c u r r e d d u e t o p i l o t t e n d e n c y t o add power when a f a i l u r e was d e t e c t e d .
One p i l o t c h o s e t o r e t r a c t t h e f l a p s .
F l a p r e t r a c t i o n r e s u l t e d i n r e d u c e d s t i c k a n d r d d d e r f o r c e s r e q u i r e d t o k e e p t h e a i r c r a f t i n 1-9 l e v e l f l i g h t .
The h a r d o v e r c a n a r d f a i l u r e r e s u l t e d i n r o l l a n d yaw t r a n s i e n t s , b u t t h i s f a i l u r e was c o n t r o l l a b l e w i t h f u l l r u d d e r t r i m . I n a l l c a s e s e v a l u a t e d , t h e p i l o t a b o r t e d t h e l a n d i n g a n d f e l t c o n f i d e n t i n h i s c o n t r o l d u r i n g t h e go-around t o e x e c u t e a s a f e l a n d i n g . The h a r d o v e r Nose Wheel S t e e r i n g (NWS) f a i l u r e r e s u l t e d i n yaw e x c u r s i o n s d u r i n g r o l l o u t . I n a l l c a s e e v a l u a t e d , t h e p i l o t had p r o b l e m s i n k e e p i n g t h e a i r c r a f t on t h e MOS ( w i d t h b o u n d a r y ) d u r i n g r o l l o u t .
I f t h e p i l o t d e t e c t e d t h e f a i l u r e and s e l e c t e d c a s t o r mode, t h e e f f e c t s o f t h e f a i l u r e were m i l d e r d u e t o i n c r e a s e p i l o t a u t h o r i t y .
The d u a l a i r d a t a f a i l u r e c a u s e d minor t r a n s i e n t s .
However, t h i s f a i l u r e c a u s e d t h e IFPC t o r e v e r t t o t h e c o n v e n t i o n a l mode. S i n c e t h e p i l o t was a l r e a d y on h i s a p p r o a c h s p e e d a t t h e t i m e of t h e f a i l u r e , t h e r e v e r s i o n t o c o n v e n t i o n a l mode r e s u l t e d i n a d e c r e a s e i n a i r s p e e d which r e q u i r e d immediate p i l o t a t t e n t i o n . P i l o t s e l e c t i o n of emergency a i r d a t a g a i n s r e s u l t e d i n no t r a n s i e n t s a n d p r o v i d e d a s a f e go-around.
The h a r d o v e r AOA p r o b e f a i l u r e w i t h one p r o b e m a l f u n c t i o n i n g t o r e a d a minimum v a l u e of -7 . 5 d e g r e e s c a u s e d a p i t c h up t r a n s i e n t which was e a s i l y c o r r e c t e d by t h e p i l o t f o r a s a f e l a n d i n g a b o r t .
However, i n t h e c a s e where one p r o b e m a l f u n c t i o n e d t o r e a d a maximum v a l u e of 33 d e g r e e s a s l o w p i t c h down t r a n s i e n t was e x p e r i e n c e d .
I n c a s e s e v a l u a t e d where t h e p i t c h down o c c u r r e d on f i n a l a p p r o a c h c l o s e t o t h e g r o u n d , immediate p i l o t a t t e n t i o n was r e q u i r e d .
The p i l o t was a b l e t o c o n t r o l t h e a i r c r a f t f o r a s a f e l a n d i n g a b o r t a n d go-around.
The r e m a i n i n g c o n t r o l s u r f a c e f a i l u r e s i n T a b l e 2 w e r e e v a l u a t e d w i t h v e r y m i n o r t r a n s i e n t s which w e r e e a s i l y c o n t r o l l e d by t h e p i l o t . S i n g l e e n g i n e , a f t e r b u r n e r b l o w o u t , s i n g l e h y d r a u l i c a n d d u a l c h a n n e l f l i g h t c o n t r o l s y s t e m f a i l u r e s a l l v a l i d a t e d t h e S / M T D~S g r a c e f u l d e g r a d a t i o n q u a l i t i e s and m a i n t a i n e d c o n t r o l l a b i l i t y .
O v e r a l l t h e p i l o t s w e r e v e r y p l e a s e d w i t h t h e S / M T D ' s f a i l u r e / c o n t r o l mode c h a r a c t e r i s t i c s d u r i n g f i n a l a p p r o a c h l a n d i n g s . P i l o t c o n f i d e n c e i n f a i l u r e mode p r o c e d u r e s w e r e s u c c e s s f u l l y d e m o n s t r a t e d .
SUMMARY AND CONCLUSIONS
The o b j e c t i v e s t o v a l i d a t e t h e SLAND c o n t r o l l a w s and f a i l u r e mode c h a r a c t e r i s t i c s w e r e s u c c e s s f u l l y c o m p l e t e d . F i v e A i r F o r c e t e s t p i l o t s and one NASA t e s t p i l o t p a r t i c i p a t e d i n t h e A i r F o r c e Series V+ t e s t i n g . T h i s e f f o r t was a s u c c e s s f u l m i l e s t o n e i n t h e d e v e l o p m e n t a l p h a s e of t h e S/MTD S i m u l a t i o n T e s t Program. A i r F o r c e p i l o t a c c e p t a n c e and c o n f i d e n c e i n t h e o v e r a l l S/MTD s y s t e m d e s i g n a n d p e r f o r m a n c e was a c h i e v e d f o r f l i g h t d e m o n s t r a t i o n . 
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